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-- 1 2C_CONTROL

-- version 3 12/10/2002

l'ibrary |EEE;

use ieee.std logic_1164.all;

use ieee.std | ogic_unsigned.all;
use ieee.std logic arith.all;
library synplify;

use synplify.attributes.all;

entity | 2C CONTROL is port
(cl ock

resetn

i
D
state_out © 0 _vector (5 downto 0);

-- error register connections

respond_error . out std logic;--_vector(7 downto 0);
--clear_error : in std_logic;

-- ilo to serial controller

CONTROL_REG in std_logic_vector(6 downto 0);
NUM TRANSFERS REG in std_| ogi c_vector (3 downto 0);
PO NTER_REGQ STER in std | ogi c_vector (7 downto 0);
DATA REQ STER in std_| ogi c_vector (7 downto 0);
operat e in std | ogi c;

R Wcontrol ©in std_| ogi c;

done : out std | ogi c;

busy : out std_logic;

-- 12C core connecti ons

start _bit . out std_|ogic;

stop_bit . out std | ogic;

read_bit . out std_|ogic;

wite bit . out std | ogic;

ack_in . out std_|ogic;

ack out . in std_logic;

command_ack : in std_logic;

| 2C busy :in std_|ogi [oF

data_wr_sl ave . out std logic vector(7 downto 0);
data rd_sl ave :in std_logic vector(7 downto 0);

-- EXTERNAL FRAM CC]\INECTI ONS

fram address out std_logic_vector(9 downto 0);
fram OE . out st d | ogic;

fram VE . out std_|ogic;

fram CE . out std | ogic;

framD . out std logic vector(7 downto 0);
framQ . in std_logic_vector(7 downto 0);
-- enable for 12C output pins

| 2C _enabl e : out std_logic_vector(6 downto 0);

-- RAM BLOCK connect| ons

RAM_ADDRESS . out std logic vector(4 downto 0);
RAM DATA D : out std_|ogic_vector(7 downto 0);
RAM VRl TE_ENABLE . out std | ogic;

RAM_READ ENABLE . out std_|ogic;

RAM DATA Q . in std logic vector(7 dowmto 0));

end | 2C_CONTROL;

architecture rtl of 12C CONTROL is
attribute syn_radhardl evel of rtl : architecture is "tm";
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type state values is (st0O, stl, st2, st3, st4, st5, st6, st7, st8, st9,
st13, stl1l4, stl15, sti16, stl7, st18, stl19, st20, st2l1l, st22, st23, st24,
st 28, st29, st30, st31l, st32, st33);

signal pres_state . state_val ues;

signal error_ack . std_| ogic;

signal device id . std logic vector(6 downto 0);
signal numtransfers . std logic vector(3 downto 0);
si gnal RAM ADDRESS TEMP . std logic vector(4 downto 0);
signal fram address_tenp : std_l ogic_vector(9 downto 0);
begi n

-- fsmregister
state_reg: process (clock, resetn)

begi n

if (resetn = '0") then
state_out <= "000000";
RAM DATA D <= "00000000";
fram address <= "0000000000";
RAM ADDRESS <= "00000";
framCeE <= '1';
framWe <= '1';
framCE <= '1';
fram D <= "00000000";
RAM READ ENABLE <= '0';
RAM WRI TE_ENABLE <= '0';
busy <= '0";
done <= '0';
numtransfers <= "0000";
fram address_tenp(9 downto 0) <= "0000000000";
RAM ADDRESS TEMP <= "00000";
start_bit <= "'0";
stop_bit <="'0";
read bit <='0";
wite bit <="'0";
ack in <="'0";
respond error <= "'0';--"00000000";
error_ack <= '0'";
data_wr_slave <= "00000000";
pres_state <= stO;
| 2C enabl e <= "0000000";

el sif clock'event AND clock = '1' then
RAM_ADDRESS <= RAM ADDRESS TEM;
fram address <= fram address_tenp;

case pres_state is

when st0 =>

state_out <= ("000000");

numtransfers <= NUM TRANSFERS REG

framCE <= '1';

framWe <= '1';

framCE <= '1';

RAM READ ENABLE <= '0';

RAM WRI TE_ENABLE <= '0';

start_bit <= '0";

stop_bit <="'0";

read bit <='0";

wite bit <="'0";

if operate = '1' then -- perform operation
busy <= '1';

st 10,
st 25,

st 11,
st 26,

st12,
st 27,
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ation)

11"; - -
00"; - -
o1"; - -
10"; - -
11"; - -
00"; - -
o1"; - -
10"; - -
1";--

end if;
when stl1 => --
st at e_out

FRAM

I2C
I 2C
I 2C
I 2C
I 2C
I 2C
I 2C
FRAM

core

core

core

core

core

core

core

when st 2

done <= '0';
pres_state <= st1;

el se

busy <= '0';
done <= '0';
pres_state <= stQ;

RAM ADDRESS TEMP <= "00100":

<= (" 000001");
fram address_tenp(7 downto 0) &
fram address_tenp(9 downto 8) <= DATA REGQ STER(1 downto 0);
register 4 (Always starts at 4 for an oper

case CONTROL_REG i s

when
when
1

when
2

when
3

when
4

when
5

when
6

when
TTCr x
when

end case;

" 0000000"
"0000001"
"0000010"
"0000100"
"0001000"
"0010000"
"0100000"
"1000000"

ot hers

| 2C _enabl e
| 2C _enabl e
| 2C _enabl e
| 2C _enabl e
| 2C _enabl e
| 2C _enabl e
| 2C _enabl e

| 2C enabl e <=

decode operation

<=

PO NTER REQ STER(7 downto 0);

<= "0000000";
<= "0000001";
<= "0000010";
<= "0000100";
<= "0001000";
<= "0010000";
<= "0100000";

"1000000";

=> | 2C _enabl e <= "0000000"

case PO NTER_REQ STER(5 downt o 0)

when

when
when
when
when
when
when
when
when
when
when
when
when
when
when
when

end case;

" 000000"

"000001"
"000010"
"000011"
"000100"
"010000"
"010001"
"010010"
"010011"
"010100"
"100000"
"100001"
"100010"
"100011"
"100100"
ot hers

=>

=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

device_id(3

devi
devi
devi
devi
devi
devi
devi
devi
devi
devi
devi
devi
devi
devi
devi

ce id(3
ce id(3
ce id(3
ce id(3
ce id(3

i f CONTROL_REG = "0000000" then
pres_state <= st2;

el se

pres_state <= st16;

end if;

= --

is
downt o

downt o
downt o
downt o
downt o
downt o
downt o
downt o
downt o
downt o
downt o
downt o
downt o
downt o
downt o
downt o

FRAM oper ati on

| 2C operation

state out <= ("000010");

pres_state <= st3;

l et temp address get

devi
devi
devi
devi
devi
devi

devi

device_id(6

ce_id(6
ce_id(6
ce_id(6
ce_id(6
ce_id(6
ce_id(6
ce_id(6

downt o
downt o
downt o
downt o
downt o
downt o
downt o

downt o

4)
4)
4)
4)
4)
4)
4)
4)

<=

"1
"0
"0
"0
"0
"1
"1
"1

device_id(6 downto 4) <= "11

"0000"; - -

"0001"; - -
"0010"; - -
"0011"; - -
"0100"; - -
"0101"; - -
"0110"; - -
"0111"; - -
"1000"; - -
"1001"; - -
"1010"; - -
"1011"; - -
"1100"; - -
"1101"; - -
"1110"; - -
"1111"; - -

regi stered i nto address

boar d

boar d
board
boar d
board
boar d
board
boar d
board
boar d
board
boar d
board
boar d
board
boar d

CWWWWWNNNNNRRRERE B

chip

chip
chip
chip
chip
chip
chip
chip
chip
chip
chip
chip
chip
chip
chip
chip

QUITRAWNRFRPUORWNRFRPRUORMWN P

—
—
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-- get data from FRAM and put data

when st3 => -- FRAM enabl ed
state_out <= ("000011");
if RWcontrol ="'0" then -- wite FRAM
RAM READ ENABLE <= '1'; -- get data from RAM and put data in F
RAM
framCe <= '1';
framWE <= '0';
framCE <= '1';
pres_state <= st4;
el se -- read FRAM
-- RAM WRI TE_ENABLE <= '1';
n RAM

framCE <= '1';

framWe <= '1';

framCE <= '1';

pres_state <= st6;
end if;

when st4 => -- wite FRAM
state out <= ("000100");
pres_state <= stb5;

when st5 => -- wite FRAM
state_out <= ("000101");
fram D(7 downto 0) <= RAM DATA Q7 downto 0);
framCE <= '1';
fram WE <= ' Q'

framCE <= '0'; -- needs to go lowto latch address of FRAM

pres_state <= st8§;

when st6 => -- read FRAM
state out <= ("000110");
fram OE <= '0':
framWE <= '1';

framCE <= '0'; -- needs to go lowto latch address of FRAM

pres_state <= st7;

when st7 =>
state_out <= ("000111");
pres_state <= st8§;

when st8 =>
state out <= ("001000");
RAM READ ENABLE <= '0';
pres_state <= st9;

when st9 =>
state out <= ("001001");
pres_state <= st10;

when st10 =>
state_out <= ("001010");
if RWcontrol ="'0" then -- wite FRAM
pres_state <= st11;
el se

RAM DATA (7 downto 0) <= fram Q7 downto 0);

RAM WRI TE_ENABLE <= '1
pres_state <= st12;
end if;

when st1l =>
state out <= ("001011");
framCE <= '1';
framVE <= '1';
framCE <= '1';
pres_state <= st12;
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when st12 =>
state_out <= ("001100");
pres_state <= stl13;

when st13 =>
RAM WRI TE_ENABLE <= '0';
state out <= ("001101");
pres_state <= st 14;

when st 14 =>
state out <= ("001110");
framCE <= '1';
framVE <= '1';
framCE <= '1';
pres_state <= st15;

when st 15 =>

state out <= ("001111");

if numtransfers = 1 then
pres_state <= st 33;
done <= '1';

el se
numtransfers <= numtransfers - 1
fram address_tenp <= fram address_temp + 1;
RAM ADDRESS TEMP <= RAM ADDRESS TEMP + 1;
pres_state <= st 2;

end if;

-- setup 12C nission
when st16 => -- wite address of |2C device pointer register
state_out <= ("010000");
if (12C_BUSY = '0') then
data w_slave(7 downto 2) <= PO NTER REQ STER(5 downto 0)
data_wr_slave(1l) <= '0"; -- selects pointer register
data wr_slave(0) <="'0"; -- wite
start_bit <= '1';
wite bit <="'1";
pres_state <= st17,
el se
pres_state <= st16;
end if;

when st17 => -- check if transfer over
state_out <= ("010001");
if (command_ack = '1') then
start_bit <= '0";
wite bit <='0";

if ack_out = '0" then
pres_state <= st18; -- slave responded
el se
pres_state <= st31; -- slave didn't respond

stop bit <="1";
error_ack <= "'1'";

end if;
el se
pres_state <= st17;
end if;
when st18 => -- wite |2C register nunber to | 2C device pointer register of

C devi ce addressed
state out <= ("010010");
if (12C_BUSY = '0') then
data_wr _sl ave(7 downto 0) <= DATA REQ STER(7 downto 0);

wite bit <="'1";
pres_state <= st19;
el se
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pres_state <= st18;
end if;

when st19 => -- check if transfer over
state_out <= ("010011");
if (command_ack = '1'") then
wite bit <='0";
if ack_out = '0'" then
pres_state <= st20; -- slave responded
el se
pres state <= st31; -- slave didn't respond
stop_bit <="1";
error_ack <= "'1";
end if;
el se
pres_state <= st19;
end if;

when st20 => -- end of setup m ssion
state out <= ("010100");
if RWcontrol ="'0" then
pres state <= st21; -- I2Cwite
el se

pres state <= st26; -- |2C read
end if;

-- begin wite nission

when st21 => -- wite address of |2C data register
state out <= ("010101");
RAM ADDRESS TEMP <= "00100"; -- register 4
RAM READ ENABLE <= '1'; -- get data from RAMregister 4

if (12C BUSY = '0') then
data wr_slave(7 downto 2) <= PO NTER _REG STER(5 downto 0);

data w_slave(l) <= '1"; -- selects data register address
data wr_slave(0) <= '0"; -- wite comand
start_bit <= "'1'; -- repeat start condition

wite bit <="'1";
pres_state <= st22;

el se
pres_state <= st21;
end if;
when st22 => -- transfer over
state_out <= ("010110");
if (command_ack = '"1') then
start_bit <= '0";
wite bit <='0";
if ack_out = '0" then
pres_state <= st23; -- slave responded
el se
pres_state <= st31; -- slave didn't respond

stop bit <="1";
error_ack <= "'1";

end if;
el se

pres_state <= st22;
end if;

when st23 => -- wite RAMdata to |12C data register
state_out <= ("010111");
if (12C_BUSY = '0') then

data_w _slave(7 downto 0) <= RAM DATA Q7 downto 0); -- ramdata

wite bit <="'1";
if numtransfers = 1 then
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stop_bit <="'1";
el se
stop _bit <="'0";
end if;
pres_state <= st 24;
el se
pres_state <= st23;
end if;

when st24 => -- initiate transfer
state_out <= ("011000");
if (command_ack = '"1') then
wite bit <='0";
RAM READ ENABLE <= '0';

if ack_out = '0" then
pres_state <= st25; -- slave responded
el se
pres_state <= st31; -- slave didn't respond

stop bit <="1";
error_ack <= "'1'";

end if;
el se

pres_state <= st 24,
end if;

when st 25 =>

state_out <= ("011001");

if numtransfers = 1 then -- end wite mssion
stop _bit <="'0";
done <= '1';
pres_state <= st 33;

el se -- next address
numtransfers <= numtransfers - 1
RAM ADDRESS TEMP <= RAM ADDRESS TEMP + 1;
RAM READ ENABLE <= '1';
pres_state <= st23;

end if;
-- begin read m ssion
when st26 => -- wite |2C device address of data register with read command
state out <= ("011010");
RAM ADDRESS TEMP <= "00100"; -- register 4 (always begins at RAM addre

ss 4.
if (12C_BUSY = '0') then
data wr_slave(7 downto 2) <= PO NTER _REG STER(5 downto 0);

data w_slave(l) <= '1"; -- selects data register address
data w_slave(0) <= "'1"; -- read conmand
start_bit <= "1'; -- repeat start condition

wite bit <="'1";

pres_state <= st27;
el se

pres_state <= st 26;
end if;

when st27 => -- transfer over
state out <= ("011011");
if (command_ack = '"1') then
start_bit <= '0";
wite bit <="'0";

if ack_out = '0'" then
pres_state <= st28; -- slave responded
el se
pres state <= st31; -- slave didn't respond

stop_bit <="1";
error_ack <= "'1";
end if;
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el se
pres_state <= st 27;
end if;
when st28 => -- read command - read back from | 2C
state_out <= ("011100");
read_bit <="'1";
if numtransfers = 1 then
stop _bit <="1";
Ack_in <='1";
el se
stop _bit <="'0";
Ack _in <="'0';
end if;

pres_state <= st29;

when st29 => -- wite data read back to RAM
state out <= ("011101");
if (command_ack = '"1') then
Ack _in <='0";
read bit <= "'0";

RAM DATA D(7 downt o 0) <= data_rd_slave(7 downto 0);

data read back at RAM

RAM WRI TE ENABLE <= '1'; -- enable wite to RAmM
pres_state <= st 30;

el se
pres_state <= st 29;

end if;

when st 30 =>
state out <= ("011110");
if numtransfers = 1 then -- end read nission

done <= '1';
pres_state <= st 33;
el se
numtransfers <= numtransfers - 1
RAM ADDRESS TEMP <= RAM ADDRESS TEMP + 1;
pres_state <= st 28;
end if;

when st31 => -- error_ack
state out <= ("011111");
respond_error <= error_ack
--respond error(6 downto 0) <= device_id;
pres_state <= st 32;

when st32 => --

state out <= ("100000");

error_ack <= '0'";

--if clear_error = '1' then
respond_error <="'0'
done <= "1';
pres_state <= st 33;

--el se

- - pres_state <= st32

-- end if;

when st33 => -- end of m ssion
state_out <= ("100001");
stop bit <="'0";
pres_state <= stO0;

end case;
end if;
end process;

wite | 2C
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end rtl;
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